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1
WATERTIGHT FLEXIBLE CONNECTOR

BACKGROUND

The present invention 1s generally related to radios, and
more specifically related to software-defined radios. Elec-
tronic equipment used 1n military applications, such as hand
held radios for example, 1s often subjected to harsh vibration
and environmental conditions. Such conditions include
extreme temperature fluctuations, excessive moisture, and
excessive vibration due to motion of a vehicle or handling of
the equipment. These conditions can adversely affect the
performance of the equipment. For example, moisture can
cause short circuits and corrosion. Temperature variations
can cause components to shrink and expand resulting in
clectrical circuits becoming disconnected or causing inter-
mittent open circuits. Vibration can also cause disconnected
circuits or components to fail.

To ensure proper operation of this electronic equipment,
components within the electronic equipment must be
designed to withstand harsh vibration and environmental
conditions. It 1s often advantageous 1f the components are
small, light weight, and easily configured to fit within the
contours of the equipment. Such components typically
include various electronic circuits having electrical connec-
tors. Furthermore, it may be desirable to electrically couple
a circuit 1n a first component with a circuit 1n a second
component where the first and second components comprise
separate watertight containers. Thus a need exists for a
watertight electrical connector capable of withstanding the
above-described harsh conditions. The electrical coupling
can be achieved via a flexible watertight electrical connector
assembly that 1s capable of electrically connecting at one
end one or more circuits 1n the first component and electri-
cally connecting at the other end to one or more circuits in
the second component while maintaining the watertight
integrity of the first and second components. This type of
flexible watertight electrical coupling 1s particularly appli-
cable to hand held military radios.

A flexible watertight connector assembly 1ncludes a tlex-
ible cable encased in an elastomer coating defining a plu-
rality of openings, ecach opening configured to provide
access to the cable. The connector assembly includes at least
one electrical connector, each one of the connectors posi-
fioned adjacent the cable within a respective one of the
plurality of openings. Each electrical connector 1s config-
ured to be electrically coupled to the cable. The connector
assembly also includes at least one pair of covers comprising
a first type cover and a second type cover. Each cover 1s
positioned adjacent a respective one of the plurality of
openings. Each cover 1s configured to form a watertight seal
with the elastomer coating defining a respective opening.
Each first type cover 1s configured to cover an opening
having an electrical connector positioned therein, and each
first type cover and a respective electrical connector are
configured to form a watertight seal.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1 1s an 1llustration of a watertight connector assem-
bly 1n accordance with the present invention used to couple
a handheld radio and a powerblock assembly;

FIG. 2 1s an expanded view of the connector assembly
showing the back side up;

FIG. 3 1s another expanded view of the connector assem-
bly showing the front side up;
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FIG. 4 1s an 1llustration of an assembled connector assem-
bly 1n accordance with the present invention showing the
front side up;

FIG. 5 1s another 1llustration of an assembled connector
assembly showing the back side up;

FIG. 6A 1s a planar view of an access opening formed 1n
an elastomer coating in accordance with an embodiment of
the present invention, illustrating strain reliefs, raised edge,
and the recessed groove;

FIG. 6B 1s a cross-sectional view of the access opening
shown 1 FIG. 6A;

FIG. 7 1s an 1illustration of a compression pad 1n accor-
dance with an embodiment of the present invention;

FIG. 8A 1s an 1illustration a back view of an electrical
connector 1n accordance with an embodiment of the present
mvention;

FIG. 8B 1s an illustration a front view the electrical
connector shown 1n FIG. 8A; and

FIG. 9 1s a cross-sectional view of an embodiment of an
electrical contact 1n accordance with an embodiment of the
present 1nvention.

DETAILED DESCRIPTIONS

One embodiment of a watertight flexible electrical con-
nector assembly, as described 1n more detail herein, includes
a flat flexible electrical cable encased 1n an elastomer
coating. The coating completely encases the cable except for
a predetermined number of access openings configured to
provide access to the cable. The access openings are defined
by O-ring type seals formed 1n the coating on the surfaces of
the cable near each end of the cable. When assembled, the
scals mate with front and rear covers to form a watertight
scal for preventing intrusion of water into the connector
assembly and to provide vibration absorption. The coating,
includes strain reliefs positioned within the O-ring type seals
(e.g., to provide strain relief from handling of the connector
assembly and excessive vibration). The assembly also
includes electrical connectors positioned within the access
openings and configured to provide electrical coupling to the
cable and to an external device (i.e., external to the connec-
tor assembly). The electrical connectors include an array of
clectrical contacts formed in an elastomer base. The elas-
tomer base 1s configured to provide watertight integrity
around the individual electrical contacts, to provide water-
ticht integrity with the mating surfaces of the electrical
connector and 1ts respective cover, and to provide vibration
absorption. The connector assembly includes compression
pads positioned adjacent the cable opposite the side of the
cable having the electrical connector positioned adjacent
thereto. The compression pads provide vibration absorption
and watertight itegrity, and ensure electrical coupling
between the electrical contacts and the cable. This connector
assembly 1s configured to withstand harsh environments 1n
compliance with environmental and vibration military speci-
fications.

In this description, relative terms such as “horizontal,”
“vertical,” “up,” “down,” “top,” “bottom,” “back,” and
“front” as well as derivatives thereof (e.g., “horizontally,”
“downwardly,” “upwardly,” etc.) should be construed to
refer to the orientation as then described or as shown 1 the
drawing figure under discussion. These relative terms are for
convenience of description and normally are not intended to
require a particular orientation. Terms including “inwardly”
versus “outwardly,” “longitudinal” versus “lateral” and the
like are to be interpreted relative to one another or relative
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to an axis of elongation, or an axis or center of rotation, as
appropriate. Terms concerning attachments, coupling and
the like, such as “connected” and “interconnected,” refer to
a relationship wherein structures are secured or attached to
one another either directly or indirectly through intervening
structures, as well as both movable or rigid attachments or

relationships, unless expressly described otherwise.

Referring now to FIG. 1, there 1s shown a connector
assembly 100 in accordance with the present invention used
to couple a handheld radio 15 and a powerblock assembly
17. As shown in FIG. 1, the connector assembly 100 1s 1n an
assembled configuration. The depiction of handheld radio 1§
being coupled to powerblock assembly 17 by the connector
assembly 100 1s exemplary. The connector assembly 100
may be used to couple any appropriate external devices. The
arrows 19 indicate locations at which the connector assem-
bly 100 may be connected to the handheld radio 15 and the
powerblock assembly 17. The connector assembly 100 pro-
vides means for electrical signals to be coupled between
devices (e.g., the powerblock assembly 17 and the handheld
radio 15) coupled to the connector assembly 100. The
designation of front side and back side of the connector
assembly 100, as shown 1n FIG. 1, will be used throughout
this description.

FIGS. 2 and 3 are expanded views of the connector
assembly 100 showing back side up and front side up,
respectively. FIGS. 4 and § are assembled views of the
connector assembly 100 showing front side up and back side
up, respectively. Referring to FIGS. 2, 3, 4, and 5, the
connector assembly 100 includes front covers 12, back
covers 14, electrical connectors 26, compression pads 44,
external device fasteners 20 depicted as thumb screws, and
a flexible cable 35 encased 1n an elastomer coating 30. In one
embodiment of the connector assembly 100, the flexible
cable 35 1s a flat, tflexible cable providing electrical coupling
between the ends of the flexible cable 35. The elastomer
coating 30 may comprise any appropriate material providing
clastic properties, such as urethane or silicone, for example.
The cable 35 1s completely encased by the elastomer coating
30 except at predetermined access openings. The elastomer
coating 30 defines access openings 32, 34, 38, and 42. The
access openings 32, 34, 38, and 42 are defined by respective
raised edges 48. Raised edges 48 arc 1 the form of an O-ring
type seal surrounding the perimeter of each opening 32, 34,
38, and 42. In one embodiment, the O-ring type seal 1s
positioned in the bottom of the recessed groove S0 (not
shown in Figures), and the raised edge 48 is positioned
external to the mounting covers to facilitate the elimination
of the gap between respective covers. The access opening 32
and 38 are positioned on opposing back and front sides,
respectively, of the connector assembly 100. The access
opening 34 and 42 are positioned on opposing back and front
sides, respectively, of the connector assembly 100. The
access openings 32, 34, 38, and 42 provide access to the
flexible cable 35. The locations of the access openings 32,
34, 38, and 42 are exemplary. More or less access opening,
may be formed. The location of the access openings may
also differ from the locations shown 1 FIG. 2. For example,
a connector assembly 1n accordance with the present inven-
fion may have one end hardwired to an external device and
the other end may be detachable. In this configuration, the
connector assembly would include two opposing access
openings respectively located on the front and back sides of
the connector assembly. In another embodiment, a connector
assembly 1n accordance with the present invention may
comprise three connection sites (for example, for coupling
three external devices to each other). This embodiment
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would comprise six access openings, configured as three
opposing pairs of access openings respectively located on
the back and front sides of the connector assembly.

At each end of the connector assembly 100, respective
front covers 12 and back covers 14 are fastened together by
an appropriate assembly fastener (assembly fastener now

shown) inserted into fastening openings 16. Each of the front
covers 12, the back covers 14, and the cable 35 define a
respective pair of fastening openings 16. The number of

fastening openings 1s exemplary and may be increased or
decreased. Examples of appropriate assembly fasteners to be
inserted 1nto fastening openings 16 1nclude threaded
fasteners, such as Phillips head and flat head screws, riveted
fasteners, or a combination thereof. Each back cover 14
defines at least one back cover access opening 36. As
described 1n more detail below, each back cover access
opening 36 1s configured to conformably mate with a
respective electrical connector 26.

In an alternate embodiment, the front covers 12 do not
comprise fastening openings 16. Rather, the front cover 12
comprises a boss like structure protruding from the surface
of the front cover 12 adjacent the cable 35 positioned in the
where the fastening openings 16 would be positioned. The
boss like structure does not form an opening. In this
embodiment, a fastener i1s inserted through the fastener
opening 16 on the back cover 14 and threadabley received
by the boss like structure. The boss like structure facilitated
the prevention of water intrusion into the cable assembly

100.

The external device fasteners 20, depicted as thumb-
screws facilitate the fastening of the connector assembly 100
to an external device. Each thumbscrew 20 comprises a
threaded portion 24, which 1s 1nserted through the central
openings 34 and threadably attached to a respective external
device. In one embodiment, the central opening 54 of each
front cover 12 comprises threads for receiving the threaded
portion 24 of a thumbscrew 20, and for preventing the
thumbscrew 20 from becoming inadvertently detached from
the connector assembly 100. In this embodiment, the
remainder of the central openings 54 (e.g., defined by
compression pad 44, cable 35, electrical connector 26, and
back cover 14) do not contain threads, allowing the threaded
portion 24 of the thumbscrew 20 to slide through these
remainder of central openings. In one embodiment, the
thumbscrew 1s recessed on the underside of the head to
accommodate an O-ring type secal to provide a water resis-
tant seal around the cenftral opening 54. Guide pins 18
facilitate the positioning of each end of the connector
assembly 100 on each respective external device and help
prevent rotation of the connector assembly 100 when it 1s
attached to a respective external device. In one embodiment,
a seal (e.g., O-ring type seal) is positioned around the
perimeter of each back cover 14 on the surface of the back
cover that mates with the external device. This seal facili-
tates the provision of watertight integrity between the con-
nector assembly 100 and an external device. As previously
described, in one embodiment, an O-ring type seal 1s posi-
tioned in the bottom of the recessed groove 50, and the
raised edge 48 1s positioned external to the mounting covers
to facilitate the elimination of the gap between respective
COVETS.

FIG. 6A 1s a planar view of the access opening 32
illustrating strain reliefs 22, raised edge 48, and recessed
ogroove 50. FIG. 6B 1s a cross-sectional view of the access
opening 32 at line A—A. Each access opening 32, 34, 38,
and 42 1s formed by a raised edge 22 1n the elastomer coating,
30 and has positioned therein strain reliefs 22. Strain reliefs
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22 provide relief from strain placed on the connector assem-
bly from handling by a user and from vibration. Recess
ogroove 50 1s formed between raised edge 48 and strain
reliefs 22. The recessed groove 50 1s configured to receive
a protruding edge of a respective cover (e.g., back cover 14
for access opening 38) when the connector assembly 100 is
assembled. The strain reliefs 22 are raised to a level between
the recessed groove 50 and the raised edge 48, as indicated
by arrow 52 1n FIG. 3B. As described 1n greater detail below,
when the back cover 14 1s positioned over the access
opening 32, the assembled connector assembly 100 provides
a water tight seal formed by the mating of the raised edge 48
with an mner surface of the back cover 14 and the mating of
the recessed groove 50 with the protruding edge of the back
cover 14. Similarly, the connector assembly 100 provides a
watertight seal formed by the mating of each access opening,
with 1ts respective cover.

FIG. 7 1s an 1illustration of a compression pad 44. Each
compression pad 44 defines a central opening 54 and com-
prises a compression pad raised edge 38, a central opening
raised edge 56, and a recessed region 60. The compression
pad 44 1s formed of a material having elastic properties, such
as the elastomer materials urethane or silicone, for example.
The compression pad raised edge 38 1s formed around the
perimeter of the compression pad 44. The central opening,
raised edge 56 1f formed around the perimeter of the central
opening 54. The raised edges 56, 58, are formed on both
sides of the compression pad 44. Each of the raised edges 56,
58, facilitate the formation of a watertight seal when the
connector assembly 100 1s assembled. When the connector
assembly 100 1s assembled, the compression pad raised edge
58 on one side of the compression pad 44 mates with a
respective front cover 12 to form a watertight seal therebe-
tween. The compression pad raised edge 38 on the other side
of the compression pad 44 mates with the flexible cable 35
also to provide a watertight seal therebetween. Stmilarly, the
central opening raised edge 56 on one side of the compres-
sion pad 44 mates with a respective front cover 12 at the
perimeter of the front cover’s central opening 54 to form a
watertight seal therebetween. The central opening raised
edge 56 on the other side of the compression pad 44 mates
with the flexible cable 35 also to provide a watertight seal
therebetween. Furthermore, in one embodiment, raised pad
like portions on the front and back surfaces of the compres-
sion pad 44 provide a spring like force against the flexible
cable 35 to facilitate the electrical connection between the
flexible cable 35 and a respective electrical connector 26.
The recessed region 60 may be formed to include appropri-
ate surface contours to also facilitate an electrical connection

between a respective electrical connector 26 and the flexible
cable 35.

FIGS. 8A and 8B illustrate a back view and a front view,
respectively, of the electrical connector 26. Each electrical
connector 26 comprises a base portion 70 defining a respec-
five central opening 54. The base portion 70 1s formed of a
material having elastic properties, such as the elastomer
materials urethane or silicone, for example. The base portion
70 has positioned therein, a plurality of electrical contacts
62. The base portion 70 1s formed to include an electrical
connector raised edge 68, a base central opening raised edge
64, and a raised portion 66. The base portion raised edge 68
1s formed around the perimeter of the base portion 70. The
base central opening raised edge 64 1s formed around the
perimeter of the central opening 54. The raised edges 64, 68,
are formed on both sides (front and back) of the base portion
70. Each of the raised edges 64, 68, facilitate the formation
of a watertight seal when the connector assembly 100 is
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assembled. When the connector assembly 100 1s assembled,
the base portion raised edge 68 on the back side of the
clectrical connector 26 mates with a respective back cover
14 to form a watertight seal therebetween. The raised portion
66 1s configured to conform to the shape of the back cover
access openings 36. The base portion raised edge 68 on the
front side of the electrical connector 26 mates with the
flexible cable 35 also to provide a watertight seal therebe-
tween. Similarly, the base central opening raised edge 64 on
the back side of the base portion 70 mates with a respective
back cover 14 at the perimeter of the back cover’s central
opening 54 to form a watertight seal therebetween. The base
central opening raised edge 64 on the front side of the
clectrical connector 26 mates with the flexible cable 35 also
to provide a watertight seal therebetween. In an alternate
embodiment, the base portion 70 comprises raised portions
66 on both the front and back sides of the electrical con-
nector 26.

FIG. 9 1s a cross-sectional view of an electrical contact 62.
The electrical connector 62 1s configured to include circum-
ferentially recessed regions 74. When the electrical contact
62 1s positioned within the base portion 70, the elastomer
material of the base portion 70 1s in contact with the surface
of the circumferentially recessed regions 74. This configu-
ration facilitates retention of the electrical contacts 62 within
the base portion 70 of the electrical connector 26. This
conflguration also prevents water from penetrating through
the base portion 70 along the surface of the electrical contact
62, thus providing a watertigcht seal between the back and
front side of the electrical connector 26. Furthermore, the
clastic properties of the material used to form the base
portion 70 in conjunction with the shape of the electrical
contacts 62, allows cach electrical contact 62 to move
independently. This independent movement facilitates the
retention of the electrical coupling between the electrical
contacts 62 and the flexible cable 35 while the connector
assembly 100 1s subject to various types of kinetic energy,
such as vibration and handling the connector assembly 100
(e.g., using the connector assembly 100 as a handle to carry
the handheld radio and powerblock assembly).

A connector assembly as described herein provides a low
proiile, watertight cable assembly that 1s capable of with-
standing harsh environments to the point of meeting MIL-
SPEC standards. The coupling between the electrical con-
tacts 62 and the flexible cable 35 1s a result of a pressure
contact. No soldering is required to form electrical connec-
tions. The compression pad 44 absorbs vibration and other
types of kinetic energy, thus allowing the electrical contacts
62 to move while electrical contact 1s maintained between
the electrical contacts 62 and the flexible cable 35. The
clectrical connector 26 provides watertight integrity via the
shape (e.g., hourglass cross section) of the electrical contacts
62 and the conformably shaped elastomer material in the
base portion 70 of the electrical connector 26. Furthermore,
the shape of the electrical contacts 62 1n conjunction with the
shape of the base portion 70 (e.g., raised portion 66) allow
independent movement of each electrical contact 62 and
prevents the electrical contacts 62 from electrically shorting,
to each other or to the back cover 14.

Although 1llustrated and described herein with reference
to certain specilic embodiments, the watertight connector
assembly and apparatus as described herein i1s nevertheless
not mtended to be limited to the details shown. Rather,
various modifications may be made 1n the details within the
scope and range of equivalents of the claims and without
departing from the spirit of the 1invention.
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What 1s claimed 1s:
1. A flexible watertight connector assembly comprising:

a flexible cable encased 1n an elastomer coating defining
a plurality of openings, each opening configured to
provide access to said cable;

at least one electrical connector, each one of said at least
one electrical connector positioned adjacent said cable
within a respective one of said plurality of openings,
cach electrical connector configured to be electrically
coupled to said cable; and

at least one pair of covers comprising a first type cover
and a second type cover, each cover positioned adjacent
a respective one of said plurality of openings, each
cover configured to form a watertight seal with said
clastomer coating deflning a respective opening,
whereln:
cach first type cover 1s configured to cover an opening,
having an electrical connector positioned therein;
and
cach first type cover and a respective electrical con-
nector are conflgured to form a watertight seal.
2. A connector assembly 1n accordance with claim 1,
further comprising:

at least one compression pad positioned adjacent an
opposite side of said cable having a respective electri-
cal connector positioned adjacent thereto, and posi-
tioned between said cable and a respective second type
COVET.
3. A connector assembly 1n accordance with claim 2, each
compression pad comprising a compression pad raised edge
formed on a perimeter of said compression pad, wherein:

said compression pad raised edge 1s configured to form a
watertight seal with said cable and a respective second
type cover.

4. A connector assembly 1n accordance with claim 1, said

clastomer coating comprising;:

a plurality of coating raised edges, each one of said
plurality of coating raised edges surrounding a respec-
tive one of said plurality of openings, wherein:
cach coating raised edge defines each respective open-

ing; and
cach coating raised edge 1s configured to form a water-
tight seal with each respective cover.

5. A connector assembly in accordance with claim 4,

further comprising:

a plurality of strain reliefs positioned within each of said
plurality of openings adjacent said plurality of coating,
raised edges.

6. A connector assembly in accordance with claim 1,

further comprising a plurality of external device fasteners
for fastening said assembly to an external device, wherein:
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fastening openings for receiving a respective external
device fastener are defined by respective covers, by a
respective electrical connector, and by a respective
portion of said cable within a respective access open-
ing; and

said fastening openings are aligned to receive said respec-
tive fastener when said connector assembly 1is
assembled.

7. A connector assembly 1n accordance claim 6, wherein:

said fastener 1s a threaded fastener; and

at least one of said fastener openings comprises threads
for receiving said threaded fastener.
8. A connector assembly 1n accordance claim 1, each first
type cover defining at least one cover access opening, each
clectrical connector comprising:

a molded elastomer base;

a plurality of electrically conductive contacts positioned
within at least one raised portion of said base, said
plurality of contacts configured to be electrically
coupled to said cable, wherein:
cach raised portion 1s configured to conformably mate

with a respective cover access opening 1n a respec-
tive first type cover; and

a raised edge formed on a perimeter of said base 1s
confligured to form a watertight seal with said cable and
a respective first type cover.

9. A connector assembly 1n accordance with claim 8, each
clectrical contact comprising at least one indentation formed
around a circumference of said electrical contact, wherein a
surface of each indentation and said molded elastomer base
form a watertight seal.

10. A connector assembly in accordance with claim 1,
further comprising:

at least one elastomer seal configured to provide a water-
tight seal when said connector assembly 1s coupled to
an external device, each of said at least one elastomer
seal positioned on a perimeter of each respective first
type cover.

11. A connector assembly 1n accordance with claim 1,
wherein each first type cover comprises at least one guide
pin for aligning said first type cover with an external device.

12. A connector assembly in accordance with claim 1,
further comprising at least one assembly fastener for assem-
bling said connector assembly.

13. A connector assembly 1in accordance with claim 12,
said assembly fastener further comprising a recessed portion
adjacent a head of said assembly fastener, said recessed
portion adjacent said head configured to receive an assembly
fastener secal for forming a watertight seal between said
assembly fastener and a respective second type cover.
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